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(S) Heating apparatus. 



(57) A heating apparatus (1) comprises a vessel (2) 
defining a chamber for holding liquid. A heated 
portion (70) of the vessel comprises a metal 
substrate of a thick film printed circuit on which 
is formed a heating element (10). When used in 
a water heater for a shower the apparatus may 
have a current regulating and control circuit 
formed integrally with the thick film circuit The 
vessel may be a kettle in which the control 
circuit is formed integrally with the thick film 
circuit and is connected to a steam sensor. 
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1 . EPO 

This invention relates to heating apparatus and in 
particular but not exclusively to heating apparatus 
comprising an electric heating element for a washing 
machine, tumble dryer, dishwasher, water heater, 
Kettle, shower or hot air blower. 

It is known to provide electric heating elements 
comprising a conductive coil of wire or strip of metal 
through which electric current is passed to heat the 
element 

Where it is required to provide electrical heating 
for fluids such as water contained in a chamber 
defined by a vessel, an electrical heating element 
generally needs to be supported within the chamber 
or is located externally of the chamber at a location 
where heat is conducted or radiated to the vessel. 

According to the present invention there is dis- 
closed heating apparatus comprising a vessel defin- 
ing a chamber for holding or conducting fluid to be 
heated and at least one electric heating element 
arranged to heat a respective heated portion of the 
vessel wherein the heating element comprises a con- 
ductive track of a thick film printed circuit formed on a 
metal substrate and wherein the metal substrate con- 
stitutes the heated portion of the vessel. 

An advantage of this arrangement is that the heat- 
ing element is formed integrally with the vessel and it 
is therefore not necessary to provide a separate struc- 
ture for supporting the heating element. 

Preferably the apparatus comprises temperature 
sensing means comprising a thermistor formed as a 
conductive track of measurable resistance on the 
thick film circuit. 

Preferably the apparatus includes a thermal cut- 
out connected to the temperature sensing means and 
arranged to cut off the flow of electric current through 
the heating element when the temperature sensed by 
the temperature sensing means exceeds a limiting 
value. 

The vessel may further comprise an air duct and 
blower means operable to provide a flow of air through 
the duct and wherein at least the heated portion of the 
vessel is located within the duct whereby the 
apparatus is operable to supply heated liquid and/or 
heated air. 

Such an arrangement is particularly useful in 
domestic water heaters for showers and the like 
where the apparatus may also be used to supply hot 
air to assist drying. It is therefore no longer necessary 
to provide a separate structure to support a hot air 
heating element. 

Preferably the vessel includes an inlet connect- 
able in use to a source of liquid and an outlet for the 
delivery of heated liquid from the chamber, tempera- 
ture sensing means operable to sense the tempera- 
ture of liquid flowing from the outlet, and control 
means operable to regulate the heating current flow- 
ing through the heating element in response to the 
sensed temperature so as to maintain the tempera- 
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ture at a required value. 

Since a heating element in accordance with the 
present invention has an inherently low thermal 
capacity it makes it suitable for use in a heating 
5 apparatus where temperature of the heated liquid is 
controlled in a dosed feedback loop arrangement 

Preferably a current regulating circuit operable to 
regulate current flowing through the heating element 
is formed as a thick film circuit on the metal substrate 
10 of the heating element 

It is therefore not necessary to provide the current 
regulating circuit with a separate heat sink since the 
metal substrate serves as an integrally formed heat 
sink. 

15 Advantageously the heating apparatus further 
comprises a valve connected in series with the inlet 
and operable to continuously vary the flow of liquid 
through the chamber, the valve being provided with a 
valve sensor operable to provide a disabling signal to 

20 the control means representative of the valve being 
set to provide a flow rate of liquid below a threshold 
level, wherein the control means is operable to turn off 
the current to the heating element in response to the 
disabling signal. 

25 The disabling signal thereby serves as a safety 
cut-out to prevent overheating of the heating element 
when the flow of liquid through the chamber is 
reduced to a very low level. Where the current regu- 
lating circuit is formed on the substrate of the heating 

30 element it is also desirable to operate the circuit only 
when there is a significant flow of liquid through the 
chamber to ensure that the circuit does not overheat 
The circuit will typically be located upstream of the 
heating element with respect to the flow of liquid so 

35 that it is cooled by incoming liquid to the chamber. 

Conveniently in one embodiment of the invention 
the heated portion of the vessel comprises a tubular 
member defining a fluid passageway and having an 
external surface upon which the thick film circuit is for- 

40 med. The element may comprise one or more conduc- 
tive tracks extending helically along the external 
surface and the connecting means may comprise at 
least one collar having terminal means cooperating 
with the conductive track or tracks. 

45 Such an arrangement is particularly useful as a 
water heater where the tubular member may be con- 
nected in series with a water supply pipe to produce 
hot water. 

The vessel may alternatively constitute a drum for 
so a washing machine, clothes dryer, dishwasher or the 
like, the heated portion comprising a panel removably 
connected to the drum such that a face of the panel 
forms part of the internal surface of the drum and 
further comprising seal means operable to peripher- 
55 ally seal the panel to the drum. 

Such an arrangement is preferable to existing 
drums which include a well within which a conven- 
tional heating element is mounted so as to project into 
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the well. When used to heat water as in the case of a 
washing machine, such wells remain filled with water 
thereby increasing the total mass of water to be 
heated during each washing cycle. The contents of 
the well are also leaked when it is necessary to ser- 
vice the apparatus by removing the heating element 
The apparatus of the present invention however 
avoids the need for a well so that the apparatus is 
more efficient by virtue of having a lower mass of 
water to be heated at each cycle. 

The heating apparatus may alternatively com- 
prise a kettle having a steam sensor connected to a 
current regulating circuit formed as a thick film circuit 
on the metal substrate of the heating element, the cir- 
cuit being operable in a water boiling mode to deliver 
a maximum level of current to the heating element 
until boiling point is sensed by the steam sensor and 
thereafter to operate in a water simmering mode in 
which a reduced level of current is delivered to the 
heating apparatus. 

Such an arrangement has the advantage of 
avoiding excessive cooling of the water after boiling 
point is reached and ensures that an unattended ket- 
tle of water can be rapidly returned to boiling point 
when use is required. 

Preferably the circuit is connected to temperature 
sensing means formed on the thick film circuit and is 
operable in the water simmering mode to regulate the 
current so as to maintain a required temperature. 

Conveniently the kettle includes switch means 
operable to manually select water boiling mode or 
water simmering mode. 

Preferably the substrate is stainless steel. 
Particular embodiments of the present invention 
will now be described by way of example only and with 
reference to the accompanying drawings of which:- 
Figure 1 is a perspective view of heating 
apparatus comprising a heater assembly for heat- 
ing liquid; 

Figure 2 is a front elevation of an alternative heat- 
ing apparatus comprising a combined water hea- 
ter and hot air blower unit; 
Figure 3 is a side elevation of the unit of Figure 2; 
Figure 4 is a perspective view of an alternative 
heating apparatus comprising a heated panel for 
use in a washing machine; 
Figure 5 is a perspective view of a tubular heating 
apparatus for heating liquid; 
Figure 6 is a perspective view of a collar of the 
apparatus of Figure 5; 

Figure 7 is a schematic diagram of a further alter- 
native apparatus comprising a water heater for a 
shower; 

Figure 8 is a front elevation of a heater assembly 
of the heating apparatus of Figure 7; 
Figure 9 is a sectioned elevation of a further alter- 
native apparatus comprising a water heater for a 
shower; 



Figure 10 is an elevation of the heater assembly 
of Figure 9 showing a heating element and control 
unit; 

Figure 1 1 is a sectioned elevation of an altema- 
5 tive apparatus comprising a kettle; and 

Figure 12 is an underneath view of the heating 
element of the kettle of Figure 11. 
The heater assembly 1 of Figure 1 comprises a 
vessel 2 which resembles in external appearance a 
w flattened bottle having parallel generally flat front and 
rear faces 3 and 4 respectively. 

An inlet pipe 5 and an outlet pipe 6 are integrally 
formed with first and second end portions 27 and 28 
respectively of the vessel 2 for the inlet and outlet of 
15 liquid in use. The pipes 5 and 6 include threaded con- 
nectors 7 suitable for connection to conventional 
water pipe couplings. The end portions 27 and 28 are 
formed of a high melting point plastics material. 
Front and rear plates 70 and 71 respectively 
20 extend between the end portions 27 and 28 and are 
connected by side panels 72 and 73 such that the end 
portions, front and rear plates and side panels 
together define a chamber communicating with the 
inlet and outlet pipes 5 and 6. 
25 The plates 70 and 71 are sealed to the side 
panels 72 and 73 by gaskets 74 and secured by 
screws 9. 

Each of the plates 70 and 71 constitutes a stain- 
less steel substrate of a thick film circuit comprising a 
30 dielectric layer 75 upon which is formed a heating ele- 
ment 10. 

The heating element 10 comprises a conductive 
track formed of pure nickel having first and second 
end portions 11 and 12 respectively with which elec- 

35 trical contact is made by means of spring contacts 1 3 
and 14 respectively of electrical terminals 15 and 16 
respectively. The heating element 10 follows a path 
which is of square wave appearance in plan view such 
that the length of the track is about three times the 

40 separation between the terminals 15 and 16 and the 
effect of passing electric current through the track is 
to provide heat in a pattern distributed over substan- 
tially the whole of the plate 70. 

A resistive track 1 7 formed of a standard thick film 

45 resistor material is also formed on the dielectric layer 
75. The resistive track 17 has first and second end 
portions 18 and 19 with which electrical contact is 
made by spring contacts 20 and 21 respectively of ter- 
minals 22 and 23 respectively. The resistive track 17 

so is inter-digitated with the heating element 1 0 and con- 
stitutes a thermistor arranged to sense the overall 
temperature of the plate 70. 

The plate 70 is additionally provided with an earth 
terminal 24 which is connected to the substrate by a 

55 tag 25. 

A further heating element (not shown) corre- 
sponding to heating element 10 is mounted on the 
rear plate 71 of the vessel 2 and is referred to using 
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corresponding reference numerals for corresponding 
elements. 

In use as a water heater, water is admitted to the 
inlet pipe 5 and delivered from the outlet pipe 6 whilst 
each heating element 10 is energised by applying a 
voltage across terminals 15 and 16. Electric current 
flowing through the heating elements 10 provides 
heat which is conducted through the plates 70, 71 to 
heat the water. The temperature of the heating ele- 
ments 10 is sensed by a suitable control circuit (not 
shown) which senses the resistance of resistive track 
17 and provides a thermal cut-out if the temperature 
of the plate exceeds a threshold value. 

The plates 70, 71 are earthed by connecting the 
earth terminals 28 to a suitable earth point. 

The end portions 27 and 28 may alternatively be 
formed of metallic material. If connected to a water 
supply comprising meta! piping then such a metallic 
vessel would include thermally and electrically isolat- 
ing pipe connectors to isolate the vessel from water 
supply apparatus. 

The heating apparatus 1 may be used as a 
domestic water heater and may for example be incor- 
porated in a shower unit. 

Apparatus 30 shown in Figures 2 and 3 incorpo- 
rates the heating apparatus 1 shown in Figure 1 in a 
combined water heater and hot air blower unit 31. 

Corresponding reference numerals to those of 
Figure 1 are used where appropriate for correspond- 
ing elements. 

The unit 31 comprises a housing 32 which is gen- 
erally rectangular in shape and has a rear wall 33 sec- 
ured to a supporting structure 34. The housing 32 
defines an air duct 35 extending from an inlet 36 to an 
outlet 37 and an electrically operated air blower 38 
and is operable to provide a flow of air through the 
duct. 

The heater assembly 1 is supported in the duct 35 
such that the plates 70 and 71 are parallel to the rear 
wall 35 and the relative positions of the inlet 36 and 
outlet 37 are such that the air flow in the duct passes 
over the heating elements 10 in a downward direction. 

The inlet pipe 5 of the heater assembly 1 is con- 
nected to a water supply pipe 39 which projects from 
the supporting structure 34 and through the rear wall 
33 into the air duct 35. Similarly the outlet pipe 6 is 
connected to a water outlet pipe 40 extending through 
the rear wall 33 and into the supporting structure 34. 

The housing 32 has a front wall 41 upon which are 
mounted control switches 42 and a thermal cut-out cir- 
cuit 43. 

In use to supply hot water a user operates a water 
flow control valve (not shown) to permit water to flow 
through the vessel 2 of the heater assembly 1 and 
control switches 42 are operated to energise the heat- 
ing elements 10. Water flowing through the vessel 2 
will therefore be heated to a temperature dependent 
upon the flow rate and the amplitude of heating cur- 



rent If the flow of water is interrupted then overheat- 
ing of the plates 70 and 71 above a threshold limit may 
occur in which case the thermal cut-out circuit 43 
operates to discontinue the heating current 

5 The unit 31 may alternatively be operated as a hot 

air blower by actuating control switches 42 to energise 
the air blower 38 and the heating elements 10 whilst 
the water control valve remains closed. Air drawn in 
through the inlet 36 flows through the duct 35 and is 

10 heated by the heating elements 1 0 to emerge from the 
outlet 37 as hot air. The unit 31 may if required be 
used to deliver simultaneously both hot water and hot 
air by opening the water control valve. 

The unit 31 may be incorporated in a shower unit 

15 in which the water outlet pipe 40 is connected to a 
shower nozzle and the hot air outlet 37 is positioned 
to assist drying after use of the shower. The unit 31 
may alternatively be used to supply hot water to a tap 
or faucet of a wash basin or bath. 

20 Figure 4 shows an underneath external view in 
perspective of a drum 51 of a washing machine 52 
which includes a heated panel 50. The drum 51 con- 
stitutes a vessel defining a chamber receiving water 
in use. The heated panel 50 is constructed in similar 

25 manner to the panel 70 of the apparatus of Figure 1 
and corresponding reference numerals are used 
where appropriate in describing corresponding ele- 
ments. 

The heated panel 50 comprises a stainless steel 

30 plate 70 which forms the substrate of a thick film prin- 
ted circuit in which a heating element 10 is printed 
onto a dielectric layer 75 on one side of the plate. The 
plate 70 is oriented such that the circuit is formed on 
a face which is external to the drum 51 and the other 

35 face of the plate which is of stainless steel forms part 
of the inner surface of the drum. A temperature sens- 
ing resistive track 1 7 is similarly provided and connec- 
ted via terminals 22 and 23 to a thermal cut-out circuit. 
The drum 51 has a cylindrical wall 53 in which a 

40 rectangular aperture is formed and the plate 70 is con- 
nected to the wall 53 by screws 9 so as to close the 
aperture. A sealing gasket 74 provides a peripheral 
seal to the plate 70. 

A tubular heating aparatus 80 is shown in Figure 

45 5 and comprises a stainless steel pipe 81 having first 
and second end portions 82 and 83 connected to con- 
ventional fluid pipe couplings 84 and 85 respectively 
formed of a high melting point plastics material. 
A thick film printed circuit 86 is formed on a middle 

so portion 87 of the pipe 81 such that the middle portion 
of the steel pipe serves as a substrate for the thick film 
circuit. 

First and second heating elements 88 and 89 re- 
spectively are printed on the printed circuit 86 in the 
55 form of conductive tracks of pure nickel. The heating 
elements 88 and 89 are each of helical shape and of 
equal pitch and initiate from diametrically opposed 
locations so as to remain spaced apart throughout the 
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length of the pipe 81. A resistive track 90 is also prin- 
ted on the printed circuit 86 and follows a helical path 
of equal pitch to that of the heating elements 88 and 
89 so as to remain electrically isolated from each of 
the heating elements. 5 

At each end portion 82 and 83 electrical connec- 
tion is made with the heating elements 88 and 89 and 
the resistive track 90 respectively by means of a res- 
pective collar 91 as shown in Figure 6. Each collar 91 
is formed of an insulating material and carries electri- 10 
cal terminals 92, 93 and 94 which make contact with 
the heating elements and the resistive track respect- 
ively. 

The tubular heating apparatus 80 may be used to 
heat liquid by passing liquid through the pipe 81 and 15 
energising one or both of the heating elements 88 and 
89 by connection to a source of electrical current. The 
resistive track 90 may be connected to a thermal cut- 
out circuit arranged to cut off the electric current if the 
temperature of the pipe 81 exceeds a threshold value. 20 

A further alternative apparatus 100 is shown in 
Figure 7 constituting a hot water supply system 101 
for a domestic shower unit. 

The apparatus 100 comprises a heater assembly 
1 02 shown in Figure 8 and which is similar to the hea- 25 
ter assembly 1 of Figure 1. Corresponding reference 
numerals to those of Figure 1 are used where approp- 
riate for corresponding elements. The heater assem- 
bly 102 however includes a modified front plate 103 
in which heating element 1 0 is connected to a current 30 
regulating circuit 104 in the form of a thick film circuit 
mounted on the dielectric layer 75. The current regu- 
lating circuit 104 is of the TRIAC type and receives 
current from a mains supply via conductors 105. The 
circuit 104 is also connected to a control unit 106 to 35 
receive a control signal 113 as illustrated in Figure 7. 

The current regulating circuit 104 also includes a 
thermal cut-out arranged to shut off power to the heat- 
ing element 10 in the event of overheating being sen- 
sed. The heater assembly 1 02 has an outlet pipe 6 to 40 
which is mounted a temperature sensor 1 07 having an 
output 112 which is connected to the control unit 106 
as illustrated in Figure 7. 

The heater assembly 102 has an inlet pipe 5 to 
which is mounted a manually operated flow control 45 
valve 1 08 with a flow rate setting control 1 09. The flow 
control valve 1 08 is capable of continuous adjustment 
of flow rate between a minimum flow rate and a 
maximum flow rate in which the valve is fully opened. 
Actuation of the flow rate setting control 109 to pro- 50 
duce a flow less than a predetermined minimum flow 
rate results in the flow being completely shut-off. The 
minimum flow rate is in this example 10% of the 
maximum flow rate. 

The flow control valve 108 is also provided with 55 
electric contacts (not shown) responsive to the valve 
setting being such as to provide less than the pre- 
determined minimum flow rate, the contacts being 



arranged so as to produce a control signal 1 10 which 
is input to the control unit 106. 

A temperature setting control 11 1 is provided on 
the control unit 106. 

In use, where the outlet pipe 6 is connected to a 
shower nozzle, a user first selectes a required tem- 
perature using the temperature setting control 111 
and turns on the flow of water using the flow rate set- 
ting control 109 until a required flow rate is received. 
A supply of heating current is delivered to the heating 
element 10 by the current regulating circuit 104 in res- 
ponse to a command signal 1 1 3 from the control unit 
106 and water passing through the heater assembly 
102 is heated. The temperature of water passing 
through the outlet pipe 6 is sensed by the temperature 
sensor 107 and the control unit 106 responds to the 
output signal 1 12 of the temperature sensor by vary- 
ing the control signal 1 13 to the current regulating cir- 
cuit 104 such that the temperature is stabilised at the 
selected temperature. 

The hot water supply system 101 is thereby pro- 
vided with a closed feedback control of temperature. 
When the user wishes to turn off the flow, the flow rate 
setting control 1 09 is set to zero flow thereby generat- 
ing a control signal 1 10 which is received by the con- 
trol unit 106 and results in the current regulating circuit 
104 being turned off. 

The control unit 106 includes a safety feature to 
detect any failure of the mains water supply which 
would reduce to zero or near zero the flow of water. 
The control unit 106 is for this purpose provided with 
a trip circuit to shut off power to the heater assembly 
102 when the control signal 113 to the current regu- 
lating circuit 104 drops below a threshold level (say 
10% of the maximum signal level). In the event of fail- 
ure of the mains water supply the flow control valve 
108 remains open but the rate of flow decreases so 
that progressively less current is required to maintain 
the temperature at its controlled level. The value of 
control signal 113 therefore progressively decreases 
until the threshold level is reached. 

The current regulating circuit 104 is mounted on 
the front plate 103 at a location upstream of the heat- 
ing element 10 so that the front plate acts as a heat 
sink which is cooled by the flow of water. It is therefore 
not necessary for a separate heat sink to be provided 
for the current regulating circuit 104. 

The heater assembly 102 allows the use of feed- 
back control of water temperature in a shower by vir- 
tue of the low thermal capacity of the plate 103 and 
heating element 10 when compared with prior art 
water heaters for this use. 

The heater assembly 102 thereby enables the 
temperature to be controlled in a manner which is sub- 
stantially independent of fluctuations in the pressure 
of mains water supply and fluctuations in the supply 
temperature. 

The heater assembly 102 also, by virtue of its 
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improved thermal conduction and response time, is 
able to operate at a lower operating temperature than 
required in heating elements of prior art devices for 
this purpose. Where for example in a prior art device 
a heating element is immersed in the water within the 
chamber there has been a tendency for the heating 
element to become furred in use so that it rapidly 
becomes inefficient. The heater assembly of the pre- 
sent invention is less susceptible to furring since it 
operates at a lower temperature. 

The heating apparatus 100 of Figure 7 may alter- 
natively include a flow valve of a type which includes 
a time delay facility such that the flow is shut off a few 
seconds after the minimum flow rate is selected. 
Additional cooling of the heating apparatus is thereby 
provided to reduce the initial temperature of water 
when the valve is turned on after only a short delay. 
Such a time delay facility will not however generally 
be necessary because of the inherent low thermal 
capacity of the heater assembly 1 02. The temperature 
sensor 107 may comprise a thermistor or like device 
formed on the thick film circuit of the heating element 
at a location adjacent to the outlet 6. 

A further alternative heating apparatus 120 is 
shown in Figures 9 and 1 0 and will be described using 
corresponding reference numerals to those of Figures 
7 and 8 where appropriate for corresponding ele- 
ments. 

The apparatus 120 is similar to the apparatus 100 
shown in Figures 7 and 8 and is intended for the sup- 
ply of hot water for a domestic shower unit. The 
apparatus 120 has an inlet pipe 5 which is lowermost 
so that water rises through a vessel 121 to emerge 
from outlet pipe 6 which is uppermost. The vessel 121 
defines a zig-zag pathway 122 through which the 
water travels and is overlaid by a heater assembly 1 02 
having a heating element 10 which follows generally 
the pathway 122. 

The heating element 10 is formed in the same 
way as that of apparatus 100 and comprises a con- 
ductive track formed as a thick film circuit on dielectric 
layer 75 which in turn is formed on a metal substrate 
forming part of the vessel 121 . 

Apparatus 120 includes a temperature sensor 
1 07 comprising a thermistor formed as a resistive 
track on the dielectric layer 75. The temperature sen- 
sor 107 extends into proximity with the outlet pipe 6 
so as to enable the outlet water temperature to be sen- 
sed. 

A thermal fuse 123 is connected in line with the 
heating element 10 and is mounted on the dielectric 
layer 75 as part of the thick film circuit. The thermal 
fuse 123 is operable to shut off current through the 
heating elements 1 0 when the temperature of the hea- 
ter assembly 102 exceeds a safety limit. 

Apparatus 120 includes a control unit 106 per- 
forming the same function as that described with 
reference to apparatus 100 but the control unit of 



apparatus 120 is formed as part of the same thick film 
circuit constituted by the heating elements 10, tem- 
perature sensor 107 and current regulating circuit 
104. Components of the control unit 106 are surface 

5 mounted on the dielectric layer 75 at a location close 
to the inlet pipe 5 at which location the metal substrate 
of the heater assembly 102 is kept cool by the flow of 
cold water entering the vessel 121. 

The heater assembly 102 is overlaid by a front 

10 cover 124 shown partially in Figure 10 and a tempera- 
ture setting control 111 extends through the front 
cover so as to be accessible for the setting of the 
required temperature. 

A further alternative heating apparatus compris- 

15 ing a kettle 130 is shown in Figures 1 1 and 12 and will 
be described using corresponding reference numer- 
als to those of preceding figures where appropriate for 
corresponding elements. 

The kettle 130 comprises a vessel 131 defining 

20 an outlet spout 132 and having a removable lid 133 
and in this respect resembles a conventional electric 
kettle. The kettle 130 however is heated by means of 
a heater assembly 134 comprising a stainless steel 
plate 135 which forms an integral part of the vessel 

25 131. The plate 1 35 also constitutes the substrate of a 
thick film circuit 1 36 in which a dielectric layer 75 is for- 
med on the plate and carries a heating element 10 in 
the form of a conductive track as shown in Figure 12. 
A current regulating circuit 104 forms part of the 

30 thick film circuit 136 and operates to both control and 
regulate current passing through the heating element 
10 and is connected to a side operated switch 137 
which is mounted so as to be manually accessible. 
The vessel 1 31 is supported on a base 138 which 

35 encloses the thick film circuit 136 so as to exclude 
water and to thermally and electrically isolate the hea- 
ter assembly from contact with a supporting surface. 

A steam sensor 139 is connected to the current 
regulating circuit 104 and is located on the vessel 131 

40 so as to provide a signal indicating that water within 
the vessel is boiling. 

The heating element 10 is also used to sense the 
temperature of the plate by means of suitable circuitry 
within the circuit 104 arranged to measure the resist- 

45 ance of the heating element. The switch 137 is pro- 
vided with an "off" position, an "on" position 
corresponding to a water boiling mode and also an 
intermediate position corresponding to a water sim- 
mering mode in which temperature is controlled at 

50 90°C by regulating the current through the heating 
element 10 in response to the sensed temperature. In 
this intermediate position of the switch 137, water can 
be kept simmering in readiness for being rapidly re- 
heated to boiling point when required. 

55 The steam sensor 1 39 is arranged to sense boil- 

ing of the water in the kettle in response to which cur- 
rent through the heating element 10 is reduced by the 
means of the current regulating circuit 104. 
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Assembly of the kettle 130 is therefore simpler 
than in prior art kettles because the circuitry and heat- 
ing element are integrated onto a single substrate 
assembly. The current regulating circuit 104 includes 
a triac circuit enabling the current through the heating 
element 10 to be continuously varied in order to main- 
tain the water temperature at a required level in the 
intermediate setting of the control switch 137. A ther- 
mal fuse (not shown) is also included in the heating 
element 10 and is arranged to cut off current in the 
event of temperature exceeding 150°C. 

The current regulating circuit 104 may be 
arranged to automatically switch the status of the 
switch 1 37 from the boiling setting to the intermediate 
setting in response to boiling point being sensed by 
the steam sensor 139. Such an arrangement avoids 
the problem of an unattended kettle automatically 
switching off in response to boiling point having been 
reached and the water having cooled excessively 
when it is required for use. By maintaining the tem- 
perature close to boiling point in the intermediate set- 
ting of the switch the water can be rapidly returned to 
boiling point when required. 

The switch 137 may alternatively be a key pad 
having light emitting diode indicators as to the mode 
in which the circuit 104 is operating. 

Kettle 130 is provided with a conventional mains 
socket 1 40 for connection to a domestic electric mains 
supply. 

In each of the above examples the thick film cir- 
cuit is formed by initially firing a stainless steel sub- 
strate in an oven to form a chromium oxide surface 
layer, the firing process being carried out at a tem- 
perature of 850°C to 900°C. A first dielectric adhesion 
layer is then adhered to the oxidised steel substrate, 
the adhesion layer being selected to have a coeffi- 
cient of thermal expansion approximately equal to 
that of the steel. One or more further separate coat- 
ings are then separately applied such that the final 
coating has a coefficient of thermal expansion 
approximately equal to a thick film ink. Any inter- 
mediate buffer coatings are arranged to provide a gra- 
dient of intermediate coefficients of thermal 
expansion. 

A thick film circuit layout is then applied by silk- 
screen printing in which a conductive track constitut- 
ing the heating element and a resistive track 
constituting a temperature sensor are printed. An 
encapsulating layer may then finally be applied over 
the completed circuit. In the case of the tubular heat- 
ing apparatus 80 the printing process requires printing 
onto a cylindrical surface and known techniques exist 
for such printing in which the substrate is rotated 
about its cylindrical axis during application of printed 
layers. 

The thick film circuit may be applied only to one 
face of the steel sheet or pipe as described above with 
reference to the examples in Figures 1 to 6. Alterna- 



tively the steel sheet or pipe may receive a dielectric 
coating on both faces. This provides the additional 
advantage of a protected surface being exposed to 
the fluid to be heated. 
5 The heating element may alternatively be formed 

of other conducting materials such as silver, silver pal- 
ladium or carbon for example. 



10 Claims 

1. Heating apparatus (1,30,80,100,120,130) com- 
prising a vessel (2) defining a chamber for holding 
or conducting fluid to be heated and at least one 

15 electric heating element (10) arranged to heat a 
respective heated portion of the vessel character- 
ised in that the heating element comprises a con- 
ductive track of a thick film printed circuit formed 
on a metal substrate (70) and wherein the metal 

20 substrate constitutes the heated portion of the 
vessel. 

2. Heating apparatus as claimed in claim 1 compris- 
ing temperature sensing means comprising a 

25 thermistor formed as a conductive track (17) of 
measurable resistance on the thick film circuit. 

3. Heating apparatus as claimed in Claim 2 includ- 
ing a thermal cut-out connected to the tempera- 

30 ture sensing means and arranged to cut off the 
flow of electric current through the heating ele- 
ment when the temperature sensed by the tem- 
perature sensing means exceeds a limiting value. 

35 4. Heating apparatus (100,120,130) as claimed in 
any preceding claim comprising a current regulat- 
ing circuit (104) operable to regulate current flow- 
ing through the heating element (10) and formed 
as a thick film circuit on the metal substrate of the 

40 heating element. 

5. Heating apparatus as claimed in any preceding 
claim wherein the vessel includes an inlet (5) con- 
nectable in use to a source of liquid and an outlet 

45 (6) for the delivery of heated liquid from the cham- 
ber, temperature sensing means (17,107) oper- 
able to sense the temperature of liquid flowing 
from the outlet, and control means (1 06) operable 
to regulate the heating current flowing through the 

so heating element in response to the sensed tem- 
perature so as to maintain the temperature at a 
required value. 

6. Heating apparatus as claimed in any of claims 4 
55 and 5 further comprising a valve (1 08) connected 

in series with the inlet and operable to continu- 
ously vary the flow of liquid through the chamber, 
the valve being provided with a valve sensor 
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operable to provide a disabling signal (110) to the 
control means representative of the valve being 
set to provide a flow rate of liquid below a 
threshold level, wherein the control means is 
operable to turn off the current to the heating ele- 5 
ment in response to the disabling signal. 

7. Heating apparatus as claimed in any of Claims 5 
and 6 wherein the control means comprises a 
control circuit formed as a thick film circuit on the 1 o 
metal substrate of the heating element. 

8. Heating apparatus (30) as claimed in any preced- 
ing claim comprising an air duct (35) and blower 
means (38) operable to provide air through the 15 
duct and wherein at least the heated portion (70) 

of the vessel is located within the duct whereby 
the apparatus is operable to supply heated liquid 
and/or heated air. 

20 

9. Heating apparatus (80) as claimed in any preced- 
ing claim wherein the heated portion of the vessel 
comprises a tubular member (81) defining a fluid 
passageway and having an external surface upon 
which the thick film circuit is formed. 25 



rein the circuit is connected to temperature sens- 
ing means (1 0) formed on the thick film circuit and 
is operable in the water simmering mode to regu- 
late the current so as to maintain a required tem- 
perature. 

15. Heating apparatus as claimed in any of Claims 11 
and 12 including switch means (137) operable to 
select water boiling mode or water simmering 
mode. 

16. Heating apparatus as claimed in any preceding 
claim wherein the substrate is stainless steel. 



10. Heating apparatus as claimed in claim 9 wherein 
the element comprises one or more conductive 
tracks (88,89) extending helically along the exter- 
nal surface. 30 



11. Heating apparatus as claimed in any of claims 9 
and 10 comprising at least one collar (91) having 
terminal means (92,93,94) cooperating with the 
conductive track or tracks. 35 

12. Heating apparatus as claimed in any of claims 1, 
2 and 3 wherein the vessel constitutes a drum 
(51) for a washing machine, clothes dryer, dis- 
hwasher or the like, the heated portion compris- 40 
ing a panel (50) removably connected to the drum 
such that a face of the panel forms part of the 
internal surface of the drum and further compris- 
ing seal means operable to peripherally seal the 
panel to the drum. 45 

13. Heating apparatus as claimed in Claim 4 wherein 
the vessel constitutes a kettle (130) having a 
steam sensor (139) connected to the current 
regulating circuit (1 04), the circuit being operable so 
in a water boiling mode to deliver a maximum 
level of current to the heating element (10) until 
boiling point is sensed by the steam sensor and 
thereafter to operate in a water simmering mode 

in which a reduced level of current is delivered to 55 
the heating element. 



14. Heating apparatus as claimed in Claim 13 whe- 
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